ophilic cytoplasmic and sometimes intranuclear inclusions characteristic of canine distemper infection. No viral inclusions were seen in the brain and lungs. However, in lung there was moderately severe patchy interstitial alveolar thickening.
Other incidental findings included moderate numbers of Sarcocystis in striated muscles (heart, tongue, diaphragm, esophagus, masseter, and extraorbital muscles), a few Capillaria sp. in the mucosa of the esophagus and urinary bladder, large numbers of Cryptosporidium sp. in the intestines, and a few unidentified helminthic eosinophilic granulomas in the lung and mesenteric lymph nodes. The eosinophilic meningitis observed in the present case appears to be an incidental finding 3 not related to the protozoa1 infection. Based on these findings, the primary disease in the raccoon was distemper. The neurologic signs were attributed to the extensive multifocal lesions produced by the unidentified protozoa. Based on morphologic and antigenic differences, the organism was neither T. gondii nor N. caninum. Both N. caninum and T. gondii divide into two progeny by endodyogeny, whereas the present organism divided into numerous progeny by schizogony. The low T. gondii antibody titer (10) in the raccoon serum is considered nondiagnostic in the agglutination test. The organism causing encephalitis in the raccoon is morphologically similar to the organism associated with equine protozoa1 myeloencephalitis (EPM). The organism in the raccoon and that causing EPM resemble Sarcocystis in structure, react with Sarcocystis immunologically, are located free in the host cell cytoplasm, divide by schizogony, have no rhoptries, multiply in neurons, and cause malacia of the central nervous system.Clinical disease resulting from encephalomyocarditis virus (EMCV) infection was first diagnosed in swine in 1958. 6 The virus has since been isolated in the United States from swine originating from Florida, 2 Georgia (R. The serum neutralization (SN) test is commonly used to diagnose EMCV infection, but an antibody titer diagnostic for EMCV infection has not been established under con- trolled conditions. The objective of this study was to measure antibody titers in experimentally infected swine to establish an appropriate diagnostic ("cut off") titer for the SN test as well as an estimate of sensitivity and specificity values. The EMC-NVSL strain a was used to infect the animals and for the SN test. This isolate was originally recovered from a pig during an outbreak of EMCV in a swine herd in Florida and subsequently passaged in mice and tissue culture (J. H. Gainer, personal communication). The virus was grown in a baby hamster kidney (BHK-21) cell line. Minimum essential medium with 10% fetal bovine serum, tryptose phosphate broth (4 ml/liter), sodium bicarbonate (2.2 g/liter), and gentamicin sulfate (0.5 mg/100 ml) was used for cell growth. Virus was harvested at 48 hours. Flasks were freeze-thawed once, decanted into 50-ml centrifuge tubes, and centrifuged at 3,000 × g for 20 minutes. The supernant was decanted and stored in l-ml aliquots at -70 C. Virus concentration (TCID 50 ) was determined by the Kärber method, using a series of 10-fold dilutions.
Fourteen 2-month-old pigs were used. The 14 animals were placed in isolation facilities and blood samples were taken at approximately 7-day intervals beginning 36 days prior to experimental exposure to EMCV and continuing through postinoculation day (PID) 126. Four serum samples were obtained from each animal prior to experimental exposure to confirm EMCV-negative status. Serum samples were stored in l-ml aliquots at -70 C until assayed.
Eleven of the 14 animals were exposed to 1.78 × 10 5 TCID 50 of EMC-NVSL strain virus in a single l-ml intramuscular (IM) injection. Three contact controls were commingled with the experimental group. No animals died after exposure to EMVC, nor were there overt signs of clinical disease during this period, with the exception of a single episode of vomiting observed in 3 pigs after they were restrained for blood sampling PID 63. At slaughter on PID 154, no abnormality was observed in heart tissues by gross and microscopic examinations. Fibrous adhesion of the epicardium to the pericardium was present in 6 animals. This lesion has not been documented as a sequela to EMCV exposure.
Serum samples were analyzed after the termination of the experiment. Before submission for testing, all sera were randomly renumbered and assayed concurrently. Heat-inactivated sera were assayed by the microtiter SN test using BHK-21 cells. The challenge virus concentration used was 750 TCID 50 . This was within the recommended challenge virus range of 500-1,000 TCID 50 (K. A. Eernisse, personal communication). The assay was repeated 1 week later. In no case did the 2 test results on any 1 sample vary by more than 1 dilution. The analysis of data was done using the mean of the 2 SN test results for each sample.
Analysis of sensitivity for the capacity of a test to correctly identify infected individuals and specificity for its ability to correctly identify uninfected individuals was calculated as:
The cumulative mean antibody titer was 1.4 in uninfected animals and 78.8 in infected animals. The EMCV antibody titers were as high as 8 in uninfected animals and ranged from 5.7 to 1,024 in infected animals. Antibody response was rapid, and high antibody titers persisted throughout the 126-day monitoring period (Fig. 1) .
One of 3 contact control pigs became infected with EMCV. No antibodies against EMCV were detected in this animal in any of the 4 serum samples collected prior to day 7 (Fig.  2) . For PID 7-126, antibody titers ranged from 5.7 to 32. In general, the antibody response in this animal was lower than those in the experimentally exposed group. The cumulative mean titer was 17.3 in the contact pig, compared with 90.5 in the IM-exposed group of pigs. However, the lower bound of the range of titers in the IM-infected animals was 16, and titers in the seroconverted contact pig were ≥ 16 for 14 of the 19 collection periods after day 0. Infection in this animal was acquired by exposure to virus in the environment. Because it occurred so close to day 0, it cannot be determined with certainty whether the source of the virus was experimentally infected penmates or inadvertant contamination of the environment at the time of exposure of the experimental animals. Regardless, the results suggest a possible dose and/ or route effect on antibody response.
The relative frequency distribution by animal infection status of antibody titers for all serum samples is given in Fig. 3 . The distribution for EMCV-uninfected pigs was construct-dilution of 1:8, the test was estimated to be 97.8% sensitive ed on the basis of 94 samples from uninfected animals, in-and 95.7% specific. Antibody titers of ≥ 16 were 100% specluding 4 samples each from 14 animals during 36 days prior cific. to exposure plus 19 samples from 2 animals over the course
The possibility of false positive tests resulting from nonof 126 days postexposure. The distribution for EMCV-in-specific reactions or cross-reactions with antibodies against fected pigs consisted of 228 samples from 12 animals col-other infectious agents is a consideration in the evaluation lected over 126 days. The sensitivity and specificity associ-of a serologic test. Serum neutralizing activity directed against ated with this distribution are given in Table 1 . At a serum EMCV is associated with immunoglobulins and not associ- Table 1 . Sensitivity and specificity by serum dilution of the encephalomyocarditis virus microtiter serum neutralization test for swine. ated with nonspecific neutralizing substances. 7, 9 Regarding cross-reactions, studies between EMCV and 62 human enterovirus serotypes 9 and 11 porcine serotypes showed no cross-neutralization (D. Jutting, personal communication). Neutralization studies have also been done against at least 27 other viruses without evidence of cross-reactions 1, 8 Although cricket paralysis virus (CPV) and EMCV have antigens in common, CPV antiserum will not neutralize the infectivity of EMCV in cell culture or mice 10 The prospect of antigenic differences between the SN challenge strain and a field strain of EMCV producing false negative test reactions was considered. However, complete crossneutralization between strains or isolates of EMCV has been reported repeatedly, 1, [3] [4] [5] 11 whereas the lack of cross-neutralization between strains or isolates has not.
In conclusion, the microtiter SN test was a relatively specific and sensitive test for the diagnosis of infection by EMCV. Antibody titers of 8 were highly suggestive of infection, using the protocol described. Antibody titers of ≥16 were definitive for EMCV infection, based on a test specificity of 100% at these dilutions. Because the data indicate that SN titers persist for months, it is mandatory to test paired serum samples from individual animals in the serologic diagnosis of clinical infection.
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